A quasi-experimental design was used to measure the impacts on student attitudes in statistics, mathematics and critical thinking (16-18 years of age) on a group of students who received a 21-week-long contextualised statistics course (called the Pilot Scheme in Social Analytics), in South Wales. This paper will discuss the development and delivery stages of the course as well as the student recruitment strategies employed. This paper will also discuss the changes in attitudes observed after the course had finished. Results suggest the course did lead to changes in the students' attitudes becoming more positive with respect to statistics, mathematics, and critical thinking in comparison to two control groups. Students in both control groups who didn't receive the treatment, showed mostly no change or negative changes in their attitudes with respect to statistics, mathematics, and critical thinking.
Introduction
The discipline of sociology has seen radical shifts in terms of the primary methodological tools used to generate new knowledge, especially in the UK Guba 1985 and 1988; Morgan 2007) . There has been a paradigm shift towards the use of predominantly qualitative methods, which has had significant implications for the discipline. After decades of social science researchers investigating these implications, many have come to the conclusion that there is a quantitative deficit within sociology in the UK (Fonow and Cook 1991; Payne et al. 2004; Williams et al. 2008; MacInnes 2009; Platt 2012; Payne 2014; Williams et al. 2015) . Several recent initiatives within the UK have attempted to reverse this trend. One of these is Q-Step, a ₤19.5 million grant initiative funded by the Nuffield Foundation "to promote a step-change in quantitative social science training in the UK." 1 Mathematics as a discipline, which forms integral parts of quantitative methods and skills development, has also experienced changes in both applied and theoretical aspects (Nunez 2006, 160-181; Walshaw and Anthony 2008; Durrand-Guerrier 2015, 453-457) . Proponents for more applied forms of mathematics argue procedural mathematics, mathematical induction, and proof should be limited to higher education, with a greater focus placed on mathematical reasoning, critical thinking and context at the pre-university level (Gal 2002; Nunez 2006, 160-181; Schleppegrell 2007; Walshaw and Anthony 2008; Durrand-Guerrier 2015, 453-457) . Being able to demonstrate mathematical critical thinking skills relates to a form of relational understanding, or as Skemp puts it, "knowing what to do and why" (Skemp 1976, 21) .
Social scientists and mathematicians advocating greater instruction in applied quantitative topics cite disturbing research on student attitudes. In particular, negative attitutes toward mathematics and statistics, which can act as a barrier to people engaging with quantitative methods, have contributed to an antipathy towards the subject in sociology (Williams et al. 2008; MacInnes 2009; Platt 2012; Payne 2014; Williams et al. 2015) . Mathematics phobia is well documented within the UK, with mathematics anxiety being widespread throughout society (Harrison 2014; National Numeracy 2017) . In addition, public perception behind the differences between mathematics and statistics suggest they elide them together, imprinting negative mathematical attitudes onto statistics (Gal and Ginsberg 1994; National Numeracy 2017) . Antipathy towards quantitative methods within the social sciences is potentially rooted within this societal negative attitude.
Societal negative attitudes towards mathematics could be a product of the traditional teaching approaches of mathematics education. Teaching methods have potentially contributed to an experience of quantitative problems as having only right or wrong answers, which may in turn lead to the perception that mathematics is a difficult discipline (Porkess 2013; Donaldson 2015) . In response to these concerns, significant changes have been made to compulsory mathematics education more recently to encourage greater student uptake post-16 years of age, within England and Wales (Porkess 2013; Donaldson 2015) . For example, statistics has gained an increasingly important voice within mathematics education. Statistics also cuts across many disciplines and is increasingly becoming a core subject. In addition, employers are increasingly requesting employees acquire data analysis skills, underpinned by statistical and scientific principles.
Students' attitudes are developed over long periods of time and can have sizeable impacts on their effective engagement, participation, and achievement in mathematics and statistics. While attitudes are formed from experiences and can be changed, they are more stable than emotions and feelings. Moreoever, they can have clear influences on participation, because attitudes are formed in response to curriculum and teaching practices (Khoo and Ainley 2005) . Attitudes towards statistics are important in statistics education because they have the potential to affect statistical achievement, literacy, or reasoning (Gal and Ginsberg 1994) . Gal (2002) states certain attitudes are needed to critically evaluate statistical messages, which are important in statistics instruction. Students' attitudes towards statistics can help statistical thinking as well as influence their utilization of knowledge and skills in a variety of contexts (Gal and Ginsberg 1994) . Therefore, attitudes play an important role in the teaching and learning process during class time. Positive attitudes could also influence statistical behaviours outside the classroom and may also motivate students to enrol for further statistics-related courses.
Recognizing this important role of student attitudes in statistical education, the Royal Statistical Society (RSS) and the Advisory Committee on Mathematics Education (ACME) have stated that evidence needs to be collected to help direct these suggested initiatives, especially with reference to the overlaps in statistical education:
A research study is needed to understand perceptions in schools and colleges about the learning, teaching and assessment of statistics. This could be designed to interview learners and teachers in schools and colleges. It would also be illuminating to look at the various routes that learners take through their education, considering what statistics they encounter and the skills and experience gained during compulsory education (RSS and ACME 2015, 11).
The need for clear evidence to review students' perceptions of mathematics and statistics provides the rationale for this study. To this end, the following research questions were addressed in this study in the context of a newly-created course, the Pilot Scheme in Social Analytics (SA), which was designed to change students' attitudes toward mathematics, statistics, and critical thinking. Specifically, we explore two questions:
1. What are the attitudes of year 12 and 13 students to mathematics/statistics and critical thinking before participating in a contextualised statistics course (specifically, the Pilot Scheme in SA)? 2. What are the impacts of a contextualised statistics course (the Pilot Scheme in SA) on year 12 and 13 student attitudes towards mathematics statistics and critical thinking?
Pilot Scheme in Social Analytics

Development, Content, and Delivery
The Q-Step initiative was implemented across 15 British universities which developed a range of undergraduate social science degree courses to improve quantitative methods skills. The Q-Step centre within Cardiff University invested in the development of a range of school and further education activities, to highlight the importance of these quantitative skills. The development of a course (for ages [16] [17] [18] in Social Analytics (i.e., the investigation of social processes using statistical analysis and techniques) began with the creation of the Pilot Scheme in Social Analytics (SA). 2 This Pilot Scheme was developed with a group of secondary school teachers and Further Education (FE) lecturers. This group was specifically recruited for this purpose, referred to as the Teacher Placement Scheme (TPS).
The TPS encompassed a range of expertise from disciplinary backgrounds in the social sciences, politics, mathematics, political sciences, health sciences, biology, and psychology. The group's expertise also included experience of teaching a variety of levels from school year 7 (age 11) through master's and teacher training education levels. This breadth of experience enabled discussions to evolve around the core themes of curriculum design and pedagogy, intersecting several disciplines and student age groups. This range of expertise also enabled the group to decide on the core skills (critical thinking and statistical concepts/analysis in relation to the course aims of SA) students needed to effectively progress from year 10 (15 years of age) onwards, with the end goal of accessing a variety of higher education courses.
The development of critical thinking skills was also central to the course development and was deemed to be good preparation for higher education in a variety of subjects (Landers 1999; Gal 2002; The Critical Thinking Community 2016) . Based on the literature, the TPS viewed the ability to objectively evaluate evidence and make judgments as of central importance to enable relational 2 The development and content of the SA course is described in more detail in Jones (2018a). understanding of mathematics and statistics (Skemp 1976; Landers 1999; Gal 2002) .
The course was designed to emphasise the importance of using statistical techniques in relation to the context, rather than performing traditionally isolated statistical calculations (as in A Level mathematics, for example). In addition, core statistical and scientific concepts were embedded throughout the module outline, to ensure students developed critical analysis skills. The course was also written to be flexible enough for teachers to use a variety of examples, without being too prescriptive. For example, the Social Science in Practice unit requires students to explain the strengths and weaknesses of different methods used to measure health and disease. Adopting this approach to teaching statistics, focussing on statistical concepts and principles, is also a recommendation reported in the American Statistical Association's GAISE report (Carver et al. 2016) . Appendices 1 and 2 include detailed descriptions of course learning outcomes and the scheme of work.
The course itself was delivered over a series of 21 weeks to a mixture of year 12 and 13 students in Cardiff in 2014/15 (44 students) and 2015/16 (29 students). St David's Sixth Form Catholic School (St David's) and Cardiff and the Vale College (CAVC) agreed to take on a significant role in the development of the course, as well as promoting the course to their students. 3 Students from both institutions made up significant proportions of the course cohort in 2014/15 and 2015/16.
The first run of the Pilot Scheme in SA was delivered by me, starting on the 21/10/2014 and finishing on the 28/03/2015. Postgraduate students also delivered several sessions linked to research design and t-tests. The initial delivery enabled the TPS group to utilise primary evidence in the form of teacher observations (by me) to discuss how the curriculum unfolded practically. For example, was there enough time allotted through the scheme of work for students to assimilate the information delivered?
There was also an opportunity to collect evaluative data, mainly in the form of course evaluations from the students participating in the course. Responses from the 2014/15 course evaluations indicated most students could see the value of the course to their other studies (39/44 students agreeing or strongly agreeing). They also enjoyed the statistical elements of the course (39/44 students agreeing or strongly agreeing) and felt that statistics content was linked well with relevant examples (41/44 students agreeing or strongly agreeing). In addition, the students enjoyed sessions delivered by postgraduate students in the Cardiff School of Social Sciences. These responses suggested the approaches taken in developing and 3 Senior managers from both institutes gave permission for their schools' names to be used. The inclusion and description of both institutions' names brings to life the research conducted and ensures these institutions receive recognition for their participation and cooperation in the study. delivering the course were successful with this group of students, in relation to the course aims and objectives.
Areas of improvement identified from the 2014/15 cohort were discussed with the TPS and subsequently implemented for the 2015/16 cohort. Reflections from student responses recorded, as well as evidence from my own teaching observations, were discussed with the TPS group to help modify the curriculum for future delivery of the course. Several recommendations were made and implemented by the TPS group. For example, the Analysis of Variance content was dropped from the scheme of work, with more time allotted to regression analysis. It was felt that covering fewer topics and going into others in more detail would enable the course participants to have a deeper learning experience. Another modification included reducing didactic methods to incorporate more hands-on activities. For example, in the 2015/16 cohort, more opportunities were created to enable students to handle data and engage with data visualisation techniques, a strategy demonstrated as being successful in secondary schools in New Zealand (Arnold et al. 2011; Budgett et al. 2013; Forbes 2014) . It was hoped that this would enable participants to apply theoretical concepts in practice, providing a more varied learning experience.
Due to the positive feedback received from the students present on the 2014/15 Pilot Scheme in SA course, it was decided to run it again in 2015/16. The second run of the Pilot Scheme in SA course operated for 20 weeks, starting on the 12/10/2015 and finishing on the 21/03/2016. The course was delivered in a series of lectures, workshops, and seminars, with several postgraduate students from the Cardiff School of Social Sciences joining me in delivering the course up until Christmas 2015. A teaching associate, a joint appointment between Cardiff University and St David's Sixth Form Catholic College, delivered the remainder of the course. The introduction of another teacher to the second run of the Pilot Scheme course probably gave the students a different learning experience as compared with that of the students who took the course in 2014/15. It also provided an opportunity to ascertain if there were potential differences in delivery when two different teachers followed the scheme of work.
Bodily-kinesthetic learning opportunities were provided as often as possible, especially in the 2015/16 cohort, because of student feedback from the 2014/15 cohort, to enable students to take ownership of their own learning as well as fostering the development of practical skills in generating data (Gardner 1983) . For example, one of the first activities students engaged with involved collecting measurements of body parts. Additional forms of different types of data were then collected, including favourite types of food, for example. Questions were then introduced to enable students to critically evaluate the usefulness of the data collected, discussing the merits and disadvantages of both. Other bodily-kinesthetic learning opportunities were delivered at three points during the course dedicated to data collection and analysis sessions. For example, students were asked to develop an IQ test, or a creativity test, and to include a definition of what they were measuring. Students were then guided to assess the participants' performance against a student-designed grading criteria grid to help quantify the data. Students were then asked to draw conclusions from their findings, along with a comment on the sampling methods they had used to collect the data (following the method described in Jones 2019). These carefully constructed learning experiences enabled them to see scientific research in action; they were part of the research process and were able to incorporate scientific and statistical concepts in practice. It also encouraged them to think critically about the data they had collected, how to draw conclusions, and what impact the sampling methods they had chosen could have on the results and their interpretation of them. These latter goals resonate strongly with the aims of the Pilot Scheme in SA and the constructivist approaches adopted to modify and enhance learner experiences in maximising interaction and exchange of ideas.
The learning outcomes and scheme of work also incorporated opportunities for students to develop a range of transferable skills. For example, during a two-week period, students worked in groups to develop a presentation based on a recent scientific breakthrough. In addition, they were asked to discuss if the breakthrough had made a positive or negative impact on society and to provide evidence to support their views. There were also other opportunities for students to develop their reading and writing skills via a series of comprehension exercises which evaluated the validity of a series of knowledge claims made about using guns in the United States. Providing a range of learning experiences ensured there was a pedagogically balanced delivery, which has been shown to develop students' analytic skills, especially in adult learners (Mainemelis et al. 2002) . In addition, improvements in student learning have also been reported by several researchers who advocate the use of different learning styles and a variety of pedagogic approaches to facilitate the needs of learners (Lui 1994; Boyle et al. 2003; Hey et al. 2016) .
During the course delivery (2014/15 and 2015/16), students were tasked with completing a variety of worksheets to help achieve the learning outcomes of the course. In addition, core statistical and scientific concepts were embedded throughout the course to encourage the development of critical thinking skills. Appendix 3 exemplifies these pedagogical practices, revealing the tasks students were asked to complete, in groups, in relation to the crime and deviance section in unit 1, Social Science in Practice. This worksheet guides students in using a simple geometric progression, based on growth rates for microbiological organisms. This work is then supplemented with follow-up questions, to encourage deeper learning, requiring students to think critically about the calculations performed in the first part. The final part requires students to choose a suitable statistical technique to analyse the data presented, the Chi-square test for example. The development of critical thinking skills lends itself well to discursive group work with this worksheet.
Most students on the Pilot Scheme also had plans to study at university. Exposing these students to university styles of learning, incorporating methods and contexts used from the Cardiff Q-Step module, helped to give these students an insight into university life. For example, working in groups to deliver presentations utilising different forms of data, typical of a seminar session, exposed the students to a variety of learning experience typically found in higher education (HE) courses and encourged the development of higher-level analytical skills.
Student Recruitment Strategies
Members of the TPS were able to promote the Pilot Scheme course within their respective educational institutions, as well as inviting Cardiff University staff from the School of Social Sciences to deliver presentations to their students. Presentations usually included a description of the benefits of the course to students' educational careers by developing critical thinking and statistical analysis skills. This reflected the agreement by TPS that we would describe the course as a way of enhancing students' critical thinking and statistical skills rather than focusing on more procedural statistical calculations. This decision ensured that students were not put off, especially if they had a mathematics phobia.
Students interested in applying were asked to fill in a short application form. A minimum of B grades in GCSE English and Mathematics were stated as a requirement for admission to the course, which was a recommendation made by the TPS. Filtering tools were also needed, for example GCSE grade entry requirements in Mathematics and English, because we were unaware of how many would apply and needed a way to keep the student numbers on the course at a manageable level. The application form included a section for students to explain why they wanted to participate in the course, which enabled an assessment to be made as to whether they understood its learning outcomes and if they had an idea of what the course entailed. The form also required applicants to have one of their teachers explain their reasons for putting them forward for the course, along with an agreement that the course outline and time requirements had been fully explained to the applicant (i.e., attendance for two hours per week at Cardiff University). It was hoped that these measures would maximise the benefits that students would receive from the course, as well as ensure the resources and effort put into the development and subsequent delivery could result in students developing core critical thinking and statistical skills to help them with their A Level studies and better prepare them for higher education.
A parental consent form was also distributed as part of the application process because students participating in the course were mostly under 18 and still legally considered to be children. Students and parents were frequently made aware of the course demands, the need for good attendance, and the expectation of good behaviour. Students were explicitly made aware that the course carried no academic credit, but it could be used as part of their personal statement when applying for higher education courses through the Universities and Colleges Admissions Service (UCAS). Consent forms for students to participate in the quasi-experiment were gained in a separate form.
Methods
Experimental Method
Experimental methods in both education and sociology have a long history, particularly in the United States. Cook and Campbell's research was essential in establishing the experiment as a legitimate research strategy in the evaluation of social and education programmes in the United States (Cook and Campbell 1979) . An example of their work involves the evaluation of the US Head Start programme (a programme of early childhood education, health and nutrition, and parent involvement services offered to low-income families), which involves the randomisation of participants into control and experimental groups over a period of time. Their methods often include advanced modelling techniques, and small sample sizes. Their results were useful in informing policy, though rarely unequivocal, and led to the formation of more complex questions (Cook and Campbell 1979) .
There are several methodological goals that can be difficult to achieve, including randomisation of the control and experimental group participants (Cartwright 2007) . Consequently, quasi-experiments have been used for many years in a variety of settings such as public health (Petticrew et al. 2005 ) and community safety (Bennet 1988) . Quasi-experiments have a very similar structure and methodological rationale to that of randomised control trials (RCTs), the main difference being that the groups are not randomly allocated.
In the context of the research conducted in this investigation, an RCT was not used due to students' self-selection onto the Pilot Scheme; therefore randomisation could not be achieved. In addition, external validity could be achieved by repeating the quasi-experiment in the future with different groups of 16-18-year-old students (Gersten et al. 2000) . Thus, in the case of the current research, the replicable nature of quasi-experiments has the potential to accumulate an evidence base through further experiments to support or falsify the theory that a contextualised statistics course can have overarching benefits for students over a range of curriculum areas.
Experimental Groups
The two educational establishments selected for the quasi-experiment are in the city of Cardiff. CAVC is one of the largest colleges in Wales. The college has over 20,000 students in each year and a large staff team of industry experts, sector specialists, and knowledgeable and experienced support teams. Students can choose from a selection of academic or vocational courses, from entry-level qualifications through to master's level. For entry onto their A Level courses, prospective students need to have a minimum of five GCSEs at grade C or higher, including mathematics and English Language (CAVC 2017) . The college has a high student success rate, with 89% achieving their main qualification. Recent inspections (2015) St David's describes their student support as being a central pillar of the college, as confirmed in the 2010 Estyn Report on the college, which praised St David's for the high standards of learning and the achievements of their students (St David's 2017). St David's has also developed a national reputation for academic excellence, with 30% of students achieved grade A* or A at A Level and 432 students progressing to University in 2016.
Experimental and control groups were created in August 2015, with students at both St David's and CAVC being given the opportunity to apply to take the Pilot Scheme in SA. The initial size of the Pilot Scheme was 44, with 24 from St David's and 20 from CAVC. The Pilot Scheme in SA class finished with 29 students, of which 19 were from St David's (number of year 12 students = 11 and number of year 13 students = 8) and 10 were from CAVC (number of year 12 students = 5 and number of year 13 students = 5) ( Table 1) . Students in the Pilot Scheme in SA formed experimental group 1. Control groups 2 and 3 consisted of a combination of students from CAVC (Control group 2, n = 20; number of students in year 12 = 11 and number in year 13 = 9) and St David's (Control group 3, n = 64; number of students in year 12 = 30 and number in year 13 = 34) ( Table 1) . Students in these groups were fellow classmates of students in experimental group 1. Students from CAVC in experimental group 1 and control group 2 shared the same A Level psychology class, with classes comprising both year 12 and year 13 students. Students from St David's, in experimental group 1 and control group 3, shared the same A Level government and politics, sociology or psychology classes, with classes comprising both year 12 and year 13 students. A/AS Level classes in psychology at CAVC (WJEC 2017) and government and politics (WJEC 2017a), sociology (WJEC 2016), and psychology (WJEC 2017) at St David's are WJEC approved specifications. 4
Data Collection Time-Points
Data were collected at specific points throughout the 21 weeks of the delivery of the Pilot Scheme in SA. Table 2 provides a detailed list of when and what material was collected. Data were collected from those individuals present in class using paper-based copies of questionnaires. For a variety of methodological and practical reasons, it was decided to take snapshots of the groups' attitudes and performance in formative tests, rather than tracking each individual student. Tracking individual students relies on the participant to be present for each data collection event, as well as ensuring they don't drop out, which can lead to an increased cumulative frequency of missing values (Trautwein et al. 2006; Schilling and Applegate 2012) .
Data from each group were collected no later than a week apart, depending on when the A Level classes were scheduled in the respective experimental and control groups. Strict instructions were given to the teachers giving out formative tests and questionnaires to ensure that they were handed in no later than a week after receiving them. This rule was to ensure that data being collected represented information on those groups at that specific time point, enabling comparisons to be made between groups.
Since students taking part in the Pilot Scheme in SA and control groups could have been present when questionnaires were being given out in the A Level classes being taken in their respective educational institutes (i.e., control groups 2 and 3), teachers were asked to ensure these students were not given the same questionnaires (to avoid duplication of data) and were asked to come to class 30-45 minutes later. (4)  Critical Thinking (5) April 2016  Analysis of final questionnaires
Data Collection Instruments
Questionnaires were used to gather attitudinal data from the groups in this investigation. Questionnaires have been used widely by a variety of research groups as a legitimate research tool to explore mathematical attitudes (Boynton and Greenhalgh 2004; Mincemoyer and Perkins 2005; Trautwein et al. 2006; Croasmun and Ostrom 2011; Majeed et al. 2013; Yee and Chapman 2013; Williams et al. 2015) .
All questionnaires used in this study involved the inclusion of a Likert scale. Likert scales are commonly used in the social sciences and with attitude scores. They can be a useful and reliable measure of self-efficacy (Croasmun and Ostrom 2011) . The selection and design of questionnaires used, along with issues linked to validity, will be described in more detail below.
Students' attitudes to mathematics and critical thinking were measured before (week 1) and after (week 21) the intervention was delivered, for all experimental and control groups. Both questionnaires are freely available for use and were crosschecked by teachers from CAVC and St David's to ensure they were appropriate for the target groups. Particular attention was paid to the type of language used and whether students had the potential to answer the questions. These questionnaires have been used on other populations of students of similar age in previous educational research studies (Tapia and Marsh 2004; Mincemoyer and Perkins 2005) . The Attitudes to Mathematics Inventory (ATMI) questionnaire was used to measure student attitudes to mathematics (Appendix 4) (Tapia and Marsh 2004) . Several other researchers have also confirmed the validity of using the ATMI, reporting a high reliability of the scale with a high Cronbach's alpha value = 0.963 for the full ATMI and 0.97 for a shorter version (Majeed et al. 2013; Yee and Chapman 2013) . These papers suggest the ATMI has a high internal consistency, which further added to the rationale to use it as an accurate measure of mathematics attitudes amongst older students (16-18 years old).
This questionnaire was selected for a variety of reasons including the short completion time of 20 minutes covering 40 questions. The brevity of the assessment was ideal because the control groups completed them during their scheduled A Level classes or during the Pilot Scheme in SA session. (Teachers involved with the research were conscious that student participation shouldn't be time-consuming in their scheduled lesson). In addition, the questions were arranged to have a reversed polarity to increase the likelihood that participants thoroughly read the questions and filled them in accurately, as opposed to just checking off the same response every time (Linacre 2002) . Since this questionnaire contained a large number of questions, this strategy of reversed polarity was deemed to be even more important in this case. Questions phrased positively include: questions 1-8, 13, 16-19, 22-24, 26-27, and 29-40) . The remainder are phrased negatively. Majeed et al. (2013) have arranged 32 out of the 40 questions from the ATMI questionnaire into four domains of mathematics: Value (questions 1-2 and 3-8), Self-confindence (questions 9-12 and 14, 16-20, 22, and 40), Motivation (questions 23, 28, 32, and 33) and [29] [30] [31] [37] [38] . These domains will be used in the presentation and analysis of the results. In addition, the 5-point Likert scale (a-e) enabled participants to produce answers that include strongly disagree, disagree, neutral, agree and strongly agree.
There were no appropriate or valid statistical attitude questionnaires identified for use with the target population of students used in this study. Since public perceptions in relation to the differences between mathematics and statistics suggest they elide the two subjects together, imprinting negative mathematical attitudes onto statistics, it was deemed appropriate to measure mathematical attitudes to encompass statistical attitudes (Gal and Ginsberg 1994; Franklin 2013; Fitzmaurice et al. 2014; Gibbison 2017; National Numeracy 2017) .
The critical thinking questionnaire was used to measure students' attitudes to the usefulness of critical thinking in a variety of educational and everyday life contexts (Appendix 5) (Mincemoyer and Perkins 2005) . This questionnaire was selected for a variety of reasons, once again including brevity for in-class completion; the completion time was set at a maximum of 15 minutes covering 20 questions. Due to the lower number of questions in this questionnaire, it was felt reversing the polarity was unnecessary (Linacre 2002) . The questions aligned closely to the research aims and questions for the project, in particular questions focusing on the usefulness of critical thinking (a key component of the Pilot Scheme in SA), questions 1, 3, and 8 for example (Mincemoyer and Perkins 2005) . In addition, the 5-point Likert scale enabled participants to produce answers that include never, rarely, sometimes, often, and always.
A research group has also confirmed the validity of using the critical thinking questionnaire, reporting a relatively high reliability of the scale with a high Cronbach's alpha value = 0.72 (Mincemoyer and Perkins 2005) . This report suggests the critical thinking questionnaire has a relatively high internal consistency, which further added to the rationale to use it as an accurate measure of critical thinking amongst older students (16-18 years old).
Questionnaire results were analysed using SPSS to produce descriptive and inferential statistics outputs (Miller et al. 2002) . Using inferential statistics on groups with small sample sizes often leads to inconclusive results, with differences between groups being difficult to find, therefore effect size results have also been included (Gersten et al. 2000) .
Results
Results from the ATMI and critical thinking questionnaires revealed slight decreases in the number responses, due to either student drop out or illness, from all groups ( Table 3 ). The number of responses, both pre-and post-intervention for the ATMI questionnaire, is highlighted in Table 3 . 
ATMI Results
There were seven items in the Value subscale that were positively worded. These items referred to mathematics as a worthwhile and necessary domain of learning, having a desire to develop skills in mathematics, and appreciating its value in everyday life and education beyond school. Before the intervention had been implemented, the means, close to and greater than 4, suggest that the students were clearly aware and convinced of the importance of mathematics in the Pilot and CAVC groups (Table 4 ). However, the St David's groups scores were lower, ranging from 2.89-3.77 (Table 4 ). 
Note: Mean values are unweighted for each subscale and for the overall ATMI inventory
There were six negative items in the Self-confidence subscale (with the letter R next to them in Table 4 ), and they referred to mathematics causing nervousness, confusion, feeling of dread, dislike of the word mathematics, and being uncomfortable. The positive items relate to student expectation of doing well in mathematics, being able to learn mathematics easily, and being good at solving problems. The means of the 12 items suggest that students' Self-confidence in mathematics were lower than the Value scores, being closer to a mean score of 3, ranging from 2.8 to 3.75 for the Pilot and CAVC groups. Again, the St David's group had lower scores in this domain, ranging from 2.11-2.95 ( Table 4 ).
The Motivation subscale covered willingness to pursue mathematics beyond the compulsory level. The mean scores for the Pilot group in this domain were higher than the other two groups, with the St David's group having the lowest motivation scores to pursue mathematics.
The nine items in the Enjoyment subscale referred to enjoying mathematics, the challenge of solving new problems, the comfort level in participating in discussion in mathematics, and feeling of happiness in the mathematics classroom. Again, the Pilot and CAVC groups had comparable Enjoyment scores, with the St David's group having lower scores for this domain. Overall, all groups showed medium to low enjoyment levels for mathematics.
Post intervention, the Pilot group saw increased scores for the domains of Value, Self-confidence, Motivation, and Enjoyment (Table 5 ). These differences are also statistically significant results at the 5% level, except for the Motivation subscale ( Table 6 ). The confidence intervals associated with the statistically significant results (i.e., all except the Motivation subscale) are negative, which suggest that these scores are likely to have increased after the intervention ( Table  6 ).
The scores for the CAVC group were roughly comparable, pre and post intervention ( Tables 4 and 5 ). However, there were statistically signifcant differences in the Self-confidence and Enjoyment subscale scores, when comparing pre and post valules, at the 5% level ( Table 6 ). The confidence intervals for these results suggest that the Self-confidence scores are likely to have decreased (i.e. associated with a positive confidence interval) whereas their Enjoyment scores are likely to have increased (associated with a negative confidence interval) after the intervention ( Table 6) .
A similar story is found in the St David's group; mean scores were roughly comparable, pre and post intervention (Tables 4 and 5 ). In addition, there was no statistical signifcant difference in their subscale scores, when comparing pre and post valules, at the 5% level (Table 6 ). Note: Mean values are unweighted for each subscale and for the overall ATMI inventory. To get a sense of the overall size of impact of the Pilot Scheme in SA course on student attitudes, we measure Cohen's d using student repsonses to the full ATMI (i.e., combinging the four subscales). Cohen's d is a measures that changes in terms of standard deviations to enable direct comparison between groups. Cohen's d values between groups were calculated using the means and standard deviations of each group (UCCS 2017). Cohen suggests that d = 0.2 be considered a "small" effect size, 0.5 represents a "medium" effect size, and 0.8 a "large" effect size. This range means that if two groups' means don't differ by 0.2 standard deviations or more, the difference is trivial, even if it is statistically signficant. The results of the Cohen d value between the CAVC and Pilot group, pre-intervention, show that there was complete overlap in scores (Table 7) . However, the Cohen d value between the St David's and Pilot group show a large effect size with a score of 0.67 (Table 7) . This value increased slightly between the CAVC and Pilot group postintervention, revealing a Cohen d value of 0.33 ( Table 7) . The value increased to 1.04 between the St David's and Pilot group, post intervention, indicating an increasing amount of non-overlap in scores ( Table 7) . The change in effect size between the Pilot Scheme, pre-post, and the two control groups is almost identical, which may suggest this result could be due to the intervention. 
Critical Thinking Results
Overall, all three groups had medium to high level attitudes in relation to the usefulness of critical thinking, pre-intervention (Table 8 ). The Pilot and CAVC groups had similar overall scores, with the St David's group having the lowest overall mean score for this questionnaire (Table 8) . In terms of comparing the groups' initial scores, it appears that all three groups had similar attitudes to critical thinking pre-intervention, demonstrated by their simliar mean scores for the critical thinking questionnaire, and also simliar standard deviation values (Table 8) .
Post-intervention, there were some changes in the attitude scores for all groups (Table 9 ). The Pilot group saw an increase from 3.87 to 4, in relation to the mean score. This increase was also a statistically significant result, at the 5% level (Table  10 ). However, the CAVC group saw a decrease in critical thinking attitudes postintervention, dropping from 3.67 to 3.43. This difference was also a statistically significant result, at the 5% level (Table 10 ). The St David's group had the same mean scores pre-and post-intervention (Table 10) . Cohen d values between the CAVC and Pilot group, pre intervention, show that there was a large amount of overlap in scores, with a value of 0.24 (Table 11) . However, the pre-intervention Cohen d value between the St David's and Pilot group shows a medium effect size with a score of 0.47 (Table 11) . This value increased between the CAVC and Pilot group post-intervention, resulting in a Cohen d value of 0.59 (Table 11 ). The value also increased to 0.60 between the St David's and Pilot group, post-intervention, indicating an increasing amount of nonoverlap in scores (Table 11) . 
Discussion
These results are interesting, especially considering that the four subscale scores in mathematics for the control groups mostly decreased after the experiment. As stated earlier, all students in this experiment were exposed to various forms of data and analytical techniques during their A Level classes in sociology, psychology, and government and politics. Perhaps their encounters with mathematics in these nontraditional forms (compared to mathematics for 14-16 year old students in the UK) enabled them to realise the importance of developing these skills, although this is only speculation. Other explanations could be linked to the Hawthorne effect, whereby the participants in all groups were aware that they were being observed, and that they were part of an educational study. This could have had a bearing on their behaviours, leading them to answer the questionnaires in a different way (McCambridge et al. 2014 ). However, McCambridge et al. state that accurately measuring the impact of this effect on the results can be difficult to achieve due to the complexity of the experimental design adopted. The Pilot group experienced a contextualised statistical course (underpinned by mathematics), anchored to engaging content identified and created by the TPS. Since these students encountered statistics in a variety of interesting and useful forms (see student evaluation questionnaires in Jones 2018b), results from the attitudes to mathematics suggest it could have enabled them to see the value in and enjoyment of what they were doing. The results also suggest that their selfconfindence with mathematics improved. In contrast, traditional methods of teaching mathematics are characterised by a didactic approach, which lacks debate, giving mathematics an uninteresting identity (Noyes 2007, 69; Porkess 2013; Donaldson 2015) . Coupled with this, mathematics has a socially accepted negative identity; it's OK to be bad at maths (Harrison 2014; National Numeracy 2017) . These confounding factors, and widespread concern with poor mathematics teaching that students encounter during their compulsory education act as reinforcing agents to the negative stereotypes highlighted above (Smith 2004 and . These factors could also explain the control group's decreases in their attitudes towards the value, motivation, and their self-confindence with reference to the mathematical encounters they have received in secondary school education.
The critical thinking attitudes of participants in the Pilot group revealed increases in their perceived abilites. In contrast, students from both control groups revealed mostly decreases or no change. Participants in the Pilot group encountered statistical content with a heavy focus on scientific method, as well as approaching the data they encountered with a critical eye. These concepts and skills developments resonate strongly with Skemp (1976) who argues that students should develop a relational understanding (knowing what to do and why). Intentionally constructing a curriculum that embeds statistical concepts and critical thinking has had the intended effect of increasing perceived abilities in critical thinking.
Limitations
Questionnaires were used as the primary instrument of data gathering, which produced several interesting patterns when comparing the experimental and control groups. Although I am mindful that perhaps a more mixed-methods approach would help to drill down and expand on the current findings, potentially enabling a deeper understanding of mathematics and statistics attitudes in A Level students, this was not within the scope of this research (Trautwein et al. 2006; Schilling and Applegate 2012) . In particular, teasing apart where subject anxieties are present using focus groups for example, could ascertain if there is a possibility that participants in the experiment imprinted negative mathematical attitudes onto statistics. This would be an area for potential future research.
The questionnaires selected for this study included a series of questions measuring attitudes to mathematics and critical thinking. The main aims of the Pilot Scheme in SA are to enhance students' statistical and critical thinking skills. Public perception in relation to the differences between mathematics and statistics suggest they elide them together, imprinting negative mathematical attitudes onto statistics (Gal and Ginsberg 1994; Franklin 2013; Fitzmaurice et al. 2014; Gibbison 2017; National Numeracy 2017) . For these reasons, a questionnaire exploring mathematics attitudes was deemed to be a useful way to investigate if students changed their attitudes to mathematics after engaging with a contextualised statistics course. If a questionnaire was used to measure purely statistical attitudes, there was a concern that certain attitudes might not be captured accurately. And as already discussed, statistics is underpinned by mathematical principles and procedures. Differences were observed between experimental and control groups in relation to their attitudes to mathematics and critical thinking, pre-and postintervention. However, the level of negative mathematical attitudes imprinted onto statistics goes beyond the scope of this paper, and would require additional data with modified questionnaires to investigate if this phenomenon exists in the types of populations investigated during this study.
Other external factors that could have had an impact on these students' attitudes could be numerous and even unknown. Controlling for such factors, within the social world, is difficult and perhaps even undesirable (Maxwell 2004; Saba 2000) . Reflecting upon and being mindful of potential external factors is a useful research strategy, adopted throughout this study (Slavin 2008) . For example, the educational institute each of the participants came from, their past experiences with mathematics (a question present in the attitude questionnaires), the participants current A Level profiles, and the gender of the paticipants, were all reflected upon. In addition, the A Level profiles of many of the participants included several science courses, although there were cases of students taking more humanity based subjects. This could have influenced their attitude towards the usefulness of mathematics, dependent upon how much they encountered during their studies (Roth 2014) . The educational institute the participants came from in particular could have a profound impact on the way students are taught mathematics and statistics. Do students have different attitudes to mathematics and science more generally within Catholic schools/sixth form colleges, versus FE colleges? The interactional effects of these external factors could be investigated in future studies and perhaps built into a Bayesian model or other regression models that could be used to estimate the impacts of various identified external factors that could influence attitudes and ability to mathematics and statistics (Gibbons et al. 1993; Daniels et al. 2011 ).
Recommendations
The positive outcomes identified in this study support an expansion of the course (increasing student numbers), to enable other students to increase their attitudes mathematics, statistics and critical thinking. Over time, this should contribute towards an increase in participation, engagement and achievement in mathematics, statistics and critical thinking (Gal and Ginsberg 1994; Khoo and Ainley, 2005) , which are skills that will also benefit students embarking on HE courses across an increasing range of subjects, as well as being identified as highly valuable skills by a multitude of employers (Gal 2002; pp.160-181; Schleppegrell 2007; Walshaw and Anthony 2008; Durrand-Guerrier 2015, pp.453-457) . Statistical education in its current form (in schools in the U.K.) underprepares students for HE, as outlined by the recent ACME recommendations to the Department for Education (ACME 2011). Even with the changes to statistics curricula within the new A Level mathematics, which began in September 2017, there are still concerns that more work needs to be done to ensure the course is fit for purpose and prepares students to apply statistical skills and concepts across a range of disciplines (Forman 1996; ACME 2011; Porkess 2013; RSS and ACME 2015; Smith 2017) . Therefore, a wider rollout of the Pilot Scheme in SA could help to prepare students to apply statistical skills across different subject areas.
The positive outcomes experienced by the participants, potentially due to the Pilot Scheme in SA, calls for the course to be expanded and offered to other schools and FE colleges across Wales and potentially England. The results outlined benefitted a small group of students from two educational establishments in Cardiff, and the quasi-experiment was conducted on groups with relatively small numbers of participants. However, the course that ran in 2014/15 resulted in similar positive course evaluations, and although there is no comparable data, it does suggest that the benefits students experienced in both cohorts calls for the course to be made available for others.
Future runs of the course should also consider being reduced in length, perhaps into a 10-week block. This alteration would reduce the amount of commitment year-12 and -13 students would need to allot to engage with this course.
Significant elements of the Pilot Scheme in SA are currently available as a series of units, via the awarding body Agored Cymru (Agored 2017). These units are available for the majority of ACCESS to HE courses (over 3000 learners in Wales), which embodies the contextualised statistical nature of the Pilot Scheme in SA. To promote these courses, I have visited six FE colleges across Wales, as well as presenting at Agored Cymru's annual conference in July 2016, that welcomed over 70 FE lecturers. Currently three FE colleges across Wales are delivering the ACCESS units in Social Analytics, supported by the teaching associate and myself in terms of checking assessment materials. One of the centres (CAVC) delivering the units includes lecturers on the TPS, who played an active role in creating the Pilot Scheme course in SA. This development places that particular centre in an advantageous position by being able to deliver elements of a course they created.
Expansion of the course will also provide further opportunities to conduct educational research to investigate its effectiveness, which could include action research strategies (Bryden-Miller et al. 2003; Hine 2013 
